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PREDICTION OF THE EFFECTS OF PROPELLER OPERATION ON THE STATIC LONGITUDINAL 
STABILITY OF SINGLE-ENGINE TRACTOR MONOPLANES WITH FLAPS RETRACTED 

By Joseph Veil and William C. Sleeman, Jr. 


SUMMARY 

The effects of propeller operation on the static longitudinal 
stability of single-engine tractor monoplanes are analyzed, 
and a simple method is presented for computing power-on 
pitching-moment curves for flap-retracted flight conditions . 
The methods evolved are based on the results of powered-model 
wind-tunnel investigations of 28 model configurations. Cor- 
relation curves are presented from which the effects of power on 
the downwash over the tail and the stabilizer effectiveness can 
be rapidly predicted. The procedures developed enable pre- 
diction of power-on longitudinal stability characteristics that 
are generally in very good agreement with experiment. 

INTRODUCTION 

The prediction of the effects of propeller operation on the 
static longitudinal stability and control characteristics of 
single-engine tractor airplanes has been the object of many 
investigations. Successful methods have been developed 
for estimating the direct propeller forces and the effects of 
slipstream on the wing-fuselage characteristics (references 1 
to 4). Attempts to predict the complex changes in flow 
at the tail plane, however, have been somewhat less success- 
ful, primarily because many of the early researchers were 
hindered by insufficient experimental data for developing 
methods of proved general applicability. 

During the war years an appreciable amount of experi- 
mental data pertaining to power effects on static longi- 
tudinal stability was obtained. An analysis of these data 
suggested the possibilities of a semiempirical approach to 
the problem of determining the effects of power on the tail 
contribution to stability. This approach has been followed 
in the present report and a simple, rapid method for deter- 
mining the effects of power on the tail contribution is 
presented. Use of the procedures developed permit the 
accurate prediction of power-on longitudinal stability and 
trim characteristics. No analysis has been made for the 
flap-deflected condition. 

SYMBOLS 

C L lift coefficient 

C m pitching-moment coefficient 

c* ac average section pitching-moment coefficient about 

aerodynamic center for wing section immersed in 
slipstream 


T e thrust coefficient (Thrust/pT^D 2 ) 

T CjL thrust coefficient corresponding to power-off lift 
coefficient 

A T e increment of thrust coefficient from power-off con- 
dition to a specified power condition 
Y airspeed, feet per second 

p air density, slugs per cubic foot 

S' propeller disk area, square feet 

S' area of wing or tail, square feet 

b span of wing or tail, feet 

b' propeller-blade section chord, feet 

D propeller diameter, feet 

R propeller radius, feet 

r radius to any propeller blade element, feet 

c tt wing mean aerodynamic chord, feet 

c T wing root chord at plane of symmetry, feet 
c t wing chord at break for wings having composite 
plan forms, feet 

c, wing chord at theoretical tip, feet 

c* wing chord at spanwise station 0.501? or 0.751? from 
airplane center line, feet 
A wing aspect ratio 

X wing taper ratio ( cfc r for wings having linear taper) 

z distance from reference center of gravity to thrust 

line measured perpendicular to thrust line (posi- 
tive when c.g. is above thrust line), feet 
l p distance from reference center of gravity to propeller 
center line measured parallel to thrust line, feet 
l t distance from reference center of gravity to elevator 
hinge line, feet 

d t distance from elevator hinge line to thrust line 
measured perpendicular to thrust line (positive 
when elevator hinge line is above thrust line), feet 
a angle of attack, radians unless otherwise denoted 
/S propeller blade angle, degrees 

i t stabilizer setting with respect to thrust line (positive 
when trailing edge is down), degrees 
5, elevator setting with respect to chord line of stabilizer 
(positive when trailing edge is down), degrees 
e effective angle of downwash at horizontal tail, degrees 

e' increment of power-off downwash at horizontal tail 
from zero lift downwash, degrees 
e L -o power-off downwash angle at zero lift 
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Cy^ 


derivative of propeller normal-force coefficient with 
respect to angle of inclination of thrust line, in 
radians 


Cy^ value of Cy^ for T c = 0 

S.F.F. abbreviation for propeller side-force factor 
/10 s r 10 b' . r\ 

(32 J0.3 T> 3111 ^-A).T* B + 25 °)d 


f 

So 

F 

Rt 


R. 


* 0 


ratio of Cy t to Cy^ 

ratio of Cy^ for power-off value of T e to Cy 
empirical taper-ratio factor 
ratio of power-on stabilizer effectiveness 

to power-off stabilizer effectiveness 

ratio of power-on elevator effectiveness 

to power-off elevator effectiveness 
change in a quantity due to power 


Subscripts: 

T thrust line 

e elevator 

t horizontal tail 

P propeller 

p power on 

0 power off 

w wing 

wf wing-fuselage combination 

1 immersed in slipstream 


BASIS OF ANALYSIS 

The method of computing power-on pitching moments, 
which is outlined herein, is based on the assumption that 
power-off (propeller-off or windmilling) pitching-moment 
and lift data are available for at least two stabilizer settings 
and with the tail off. The accuracy with wliich the effects 
of power on the tail contribution to stability can be predicted 
is dependent on the basic power-off data, and when possible 
these data should be obtained from wind-tunnel tests. 

When power-off wind-tunnel data are not available for 
use in preliminary design, the power-off characteristics may 
be estimated by use of references 5 to 11. The wing mean 
aerodynamic chord and aerodynamic center may be found 
by the method presented in reference 5. The lift-curve 
slope, angle of zero lift, and pitching-moment character- 
istics of the wing may be computed by use of references 6 
and 7. The effect of the fuselage on the wing-fuselage pitch- 
ing moments may be determined by Multhopp's method 
(references 8 and 9). A satisfactory approximation of the 


horizontal-tail effectiveness can be obtained when the 
isolated horizontal-tail effectiveness found by the method 
of reference 10 is multiplied by a factor of 0.9. 

The variation of power-off downwash with angle of attack 
computed by use of the charts of reference 11 general!}' was 
found to agree fairly well with the variation of effective down- 
wash with angle of attack obtained from wind-tunnel data 
when the computed downwash was multiplied by a factor 
of 0.9 for all conditions for averaging downwash across the 
tail span instead of the factors obtained from figure 21 of 
reference 11. The absolute angle of downwash computed 
by use of the charts of reference 11 had to be adjusted, of 
course, so that this angle would agree with the test down- 
wash angle at zero lift. This adjustment was necessary 
since an appreciable amount of effective downwash was found 
to exist at zero lift chiefly as a direct result of local flow 
angularity at the tail caused by the flow pattern over the 
rear of the fuselage. This downwash is often difficult to 
predict accurately. Neglecting the downwash at zero lift, 
however, will not affect the basic longitudinal stability or 
the estimated power effects but will alter only the trim 
characteristics. 

The experimental data upon which the results of this 
report are based were obtained from wind-tunnel investiga- 
tions of powered models of specific military airplanes. In 
figure 1 two views of each model a re shown and in table 1 1 he geo- 
metric characteristics of the configurations used are presented. 
Most of the models were tested in the Langley 7- by 10-foot 
tunnel at an effective Reynolds number of approximately 
1.0 x10 s . The power-off data were obtained with the 
propeller windmilling at a value of T e » —0.015. Models 
25 to 27 were tested in the Ames 7- by 10-foot tunnel at an 
effective Reynolds number of approximately 2.0X10*. 
The basic power-off data used for these latter models were 
obtained with the propeller removed. 

METHOD OF ANALYSIS 

In the following discussion the individual component effects 
contributing to the over-all power-on static longitudinal 
stability are treated separately and approximate formulas 
are developed for estimating these effects. 

EFFECT OF POWER ON THE WING-FUSELAGE CHARACTERISTICS 

Direct propeller effects. — The increment of lift coefficient 
contributed by the direct propeller thrust due to the inclina- 
tion of the thrust line (the lift component of the normal forco 
which is usually small being neglected) is given by the 
following equation: 


. n m 2 TP . 
&U Lp = T c -g- am a T 


( 1 ) 





Figuhe I,— Continued. 




Figi'si 1.— Concluded. 
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The increment of pitching-moment coefficient contributed 
by the propeller as a direct result of the thrust and the 
normal forces is given by the following equation, which was 
developed from equation (5) of reference 1 : 

ACmp= k [i£ ATc+ <J - f ° )Cy '*c jfc) Q (2) 

where a w is the absolute angle of attack (radians) of wing 
from zero lift. Figures needed for use in equation (2) have 
been reproduced from reference 1 and are presented as figures 2 
to 6. The term f—f 0 , obtained from figure 2, is the 
difference in Cy^/Cy,^ for power-on and power-off 

conditions. It should be noted, however, that f o =0 when 
power-off data are obtained with the propeller removed. 
The term C Y ,^ , obtained from figures 3 and 4, is the 

normal-force derivative; figures 3 (a) and 4 (a) are for low- 
speed propellers having thick, cambered blades; figures 3 (b) 
and 4 (b) are for high-speed propellers having thin, wide 


blades; plan-form curves of propellers on which figures 3 
and 4 are based may be found in figure 4 of reference 1. 
The term de/da, the upwash factor, is obtained from figure 5. 

Slipstream effect on wing-fuselage characteristics.* -"The 
method most widely used for computing the increase in wing 
lift due to the slipstream is given by Smelt and Davies in 
reference 3. This method required several successive approx- 
imations, however, to obtain final power-on lift coefficients 
when T c varies with C L . An approximate formula has been 
developed which is shorter than that of reference 3 and which 
requires only a single estimation to obtain the final value of 
A C Lu ) thus an appreciable amount of computing time is 
saved. This equation is given by 

AC Lw ^0.57T CA C Lo c f^ ( 3 ) 

Cio u# 

where c a is the wing chord at spanwise station 0.751? from 
airplane center line for wings behind single rotating propellers 
or 0.501? for ■wings behind dual rotating propellers. 


2.0 
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Thrust -coefficient, T c 

Fiqube 2,—VariatIon of /with Ti. 
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(a) Hamilton Standard 3165-6 propeller with 0.164-diameter spinner; S.F.F.— 80.7. 
(b) NAOA propeller 10-3062-015 with 0.164-diameter spinner; 8J.F.-131.S. 


Figpei 3. — Variation of <?rV, blade angle. 

Very close agreement is shown between the Tallies given 
by equation (3) and two approximations computed by the 
method of reference 3. (See fig. 6.) Somewhat less agree- 
ment is shown between the values given by equation (3) 
and test data (fig. 7). The scatter shown can be attributed 
to the idealized assumptions in the theory of reference 3 and 
the experimental inaccuracy of the test data. The effect of 
propeller tilt on A C L is small as shown by reference 12, the 
data of model 24, and other unpublished data and may be 
neglected for tilt angles up to at least 5°. 


The effect of the slipstream on wing pitching moments is 
small in some cases, but it may be relatively large in others. 
This pit ching -moment increment is obtained from equation (5) 
of reference 2 and is given as follows : 



where 


Cn ac average section pitching-moment coefficient 

about aerodyn ami c center for part of wing 
immersed in slipstream 

b W( span of wing imm ersed in slipstream (taken 

as 0.9 D) 

e a{ average chord of wing imm ersed in slipstream 



rate of change of wing-fuselage pitching-moment 
coefficient with lift coefficient (propeller off) 


EFFECT OF POWER ON THE TAIL CONTRIBUTION TOTSTABILITY 

Change in downwash angle due to power. — The down- 
wash at the tail plane with the propeller removed is known to 
be chiefly dependent upon the wing lift coefficient and the 
location of the tail with respect to the wing vortex system. 
When a propeller is added in front of the wing, many complex 
changes in flow occur which affect the downwash over the 
tail; but the chief effect is probably caused by the altered 
wing span load distribution brought about by the passage 
of the propeller slipstream over the wing. Although appre- 
ciable downwash may exist behind an isolated propeller at 
an angle of attack, large changes in the inclination of the 
thrust line (at constant wing angle of attack) were found 
(reference 13) to cause practically no change in effective 
downwash at the tail when a wing was located between the 
propeller and the tail. With the foregoing discussion as a 
basis the following simplified semiempirical approach was 
used to derive a parameter with which to correlate experi- 
mental downwash changes due to power. 

Downwash angles were computed for several models for 
which extensive constant thrust data were available. When 
Ae was plotted against T c at various angles of attack, At was 
found to be a function of both T c and a. This relationship 
seemed logical for any wing span-load changes would also 
depend on T c and a; however, e' was believed to be a more 
significant factor than a for use in the correlation inasmuch 
as e' depends on tail location and usually varies linearly with 
a up to fairly high lift coefficients. The assumption was 
made that a tail well out of the power-off maximum down- 
wash field would also be favorably located in the power-on 
downwash field for configurations within the range of 
geometry of the models presented. 




Figure L — E at lo of side-force derivatives as a function of side-force factor for desired propeller. 


for desired propeller 
CY'vo f° r NAGA propeller 10^3062-045 
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Model 17, which has an untapered wing, showed a con- 
siderably larger increase in e with the application of power 
than either model 13 or model 16, which had identical tail, 
fuselage, and propeller geometry but rather highly tapered 
wing plan forms. The power-off downwash angles were 
considerably less for the model with the untapered plan 
form, but the downwash for all three wing plan forms could 
be accurately computed from the charts of reference 11. 
With power, however, the downwash angles for models 13, 
16, and 17 were much closer to the same value. 

According to lifting-line theory, the downwash behind a 
wing of arbitrary plan form in a uniform air stream (at a 
given tail location and lift coefficient) depends only on the 
span load distribution along the wing. Wing taper ratio 
has a significant bearing on the span load distribution and 
hence the downwash at the tail, the downwash increasing 
with wing taper. It was assumed that the slipstream alters 
the span load distribution of the wing in a manner such as 
to increase the effective taper. From the experimental 
results of models 13 and 17, it appeared that the wing of 
rectangular plan form was more susceptible to induced taper 
effects and showed the largest change of downwash angle 
with power. The foregoing assumptions were based on 


very limited data and further substantiation would be 
desirable. 

An empirical factor F (fig. 8) which is a function of wing 
taper ratio was derived from the data of models 13, 16, 17, 
and other models with similar tail geometry to account for 
induced taper effects. The taper ratio for wings of composite 
plan form may be satisfactorily estimated by use of an 
equivalent root chord c/, as shown in the following sketch 

in which X=— >: 




T 



T 

s ' ' 

y 

Ct 

JJ 

/ / 
'Area \ = Area 

C r ' 

1 

8 KETCH j. 

A- 


A plot of the parameter (A T c )e'F against the experimental 
Ae obtained from stabilizer and tail-off wind-tunnel data for 
28 model configurations is shown in figure 9 (a). The dash- 
line curves in the figure indicate the approximate accuracy 
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Fiocei 9.— Variation of the inorement of wing lift attributable to the propeller slipstream 
as computed from two approximations by the method of reference 8 with the parameter 




is 'P* 



Figure 8 — Variation of empirical taper-ratio factor with taper ratio. 



Fxgcri 7— Comparison of ACi. computed by equation 8 and obtained from test data. 

ACt. -0.67 T', Cl. is. 5.’. 

••win 1 * J S. 


of determining downwash angles from complctc-modcl wind- 
tunnel data. The correlation of test points indicates that 
the parameters selected account for the first-order effects of 
power rather well. The solid-line curve indicates the sug- 
gested curve for use in design and is reproduced in figure 
9 (b) without experimental test data. 

Note that figure 9 (b) indicates no change in Ae attribut- 
able to the tilt of the propeller thrust axis. The data of 
model 24 and other unpublished data show that changes in 
Ae with tilt are small and rather inconsistent and the effect 
of tilt (at least for tilt angles up to 5°) can be satisfactorily 
estimated from considerations of direct thrust effects and 
changes in stabilizer effectiveness. 

Change in stabilizer effectiveness with power. — The slip- 
stream is considerably distorted in the region of the horizon- 
tal tail, and idealized theoretical methods which assume a 
cylindrical slipstream at the tail do not always produce n 
satisfactory estimate of the change in dynamic pressure at 
the tail associated with the application of power. As was 
true for the downwash correlation, a semiempirical approach 
was followed to derive a method for predicting the change in 
stabilizer effectiveness with pow'er. 

The ratio of power-on to power-off stabilizer effectiveness 
if, was assumed to be directly proportional to A T e and the 
ratio of the propeller diameter to tail span. A maximum 
value of if, was also assumed to be attained for the tail 
located on the thrust line with a linear decline in if, occurring 
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(a) Experimental data and suggested design curve. 

Fiauxx 0.— Variation of tlie Increment of downwaah angle due to power with the parameter (ATJJF. 


until a value of unity is reached for a tail location 1 propeller 
diameter ahove or below the thrust line. Experimental 
points were plotted against the parameters suggested by the 
foregoing assumptions (fig. 10) and the following relationship 
was obtained: — — — — 

i?i=i.o+2.i [(at c ) y £ (i— ^)] (5) 

The dash-line curves in figure 10 indicate the approximate 
limits of accuracy of determining R, from wind-tunnel test 
data, and essentially all the test points fall within these 
limits. 

Change in elevator effectiveness with power. — Inasmuch 
as most airplanes utilize the elevator for longitudinal control, 

dCm. 

it is apparent that the increase in elevator effectiveness 

with power will influence the determination of the final 
power-on stability and trim characteristics of the airplane. 
An analysis was made to determine the possibility of corre- 
lating R, in a manner similar to the foregoing correlation 
of i?,. The results of this analysis were less consistent than 
the results obtained with the correlation of R t) probably for 
the most part because of appreciable scale effects on some 
of the model elevator data and the reduced accuracy possible 

924778 — 51 27 


in setting the elevator-deflection angles. For full-span 
elevators when estimated power-on elevator data are desired, 
however, it may be assumed in most instances that R,=R t . 

COMPUTATION OF POWEB-ON LIFT AND PITCHING-MOMENT 
COEFFICIENTS 

Power-on wing-fuselage lift coefficient. — The final power- 
on wing-fuselage lift coefficient is given by 

(CU,= (C Lm ,),+ (AC Lp)i+ AC Lw (6) 

In order to arrive at a value of from equation (6), 

the following procedure is recommended for conditions where 
T e varies with C L : The increment of the wing lift coefficient 
due to power is first evaluated by equation (3). The second 
approximation of the increment of lift coefficient contributed 
by the propeller (A(7 ip ) is obtained by computing a first 
approximation (A(7 Iip ) l by equation (1) with values of T c 
corresponding to (C Lwf ) ,,+ACz^- the second approximation 
is then obtained by use of equation (1) with values of T e 
corresponding to {p LK ^ 0 -\-AC Lii +{AG Lp ) l . The second ap- 
proximation will usually give a value of (Cl k/ .) p such that 
further approximation will be unnecessary. 
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(b) Suggested design curve from figure 0 (a). 
Figure 9.— Concluded. 
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Figube 10.— Variation of experimental A with the parameter (A ^ ' 


. Lift coefficient, C L 

Figure lL— Variation of constant power thrust coefficients with lift coefficient for models 

13, IS, and 21. 
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Co) Comparison of computed and experimental effects of poorer on the neutral point and tall- 
off aerodynamic-center location. 

Fiocbk 12.— Concluded. 


Power-on wing-fuselage pitching- moment coefficients. — 
The final power-on wing-fuselage pitching-moment coefficient 
is given by 

(P m a/)p= (^ m e,r)o+ A ^ m p+ A ^ m u (7) 

The terms AC mp and A C mu are found from equations (2) 
and (4), with values of T c based on (C^) as given by 
equation (6). 

Power-on tail pitching-moment coefficient. — The compu- 
tation of the power-on tail pitching-moment coefficient merely 
consists of adding the increments produced by the altered 
downwash at the tail and increased tail effectiveness to 
(C^,),,; this coefficient is given by 

(C.,),=S,(C.,j,_ ie [s,(ff)J (S) 


Power-on complete-model pitching- moment and lift co- 
efficients. — The final power-on complete-model pitching- 
moment coefficient is given by adding equation (7) and 
equation (8) as follows: 


Inasmuch as 




(ft \ — (P m t)p 

lje u 


(9) 

( 10 ) 


the final power-on complete-model lift coefficient is given by 
adding equation (6) and equation (10) as follows: 

C b= ( Cl */),+ (P L i)r ( 1 1 ) 

ILLUSTRATIVE EXAMPLE 

A detailed step-by-step procedure for computing power-on 
lift coefficients and pitching-moment coefficients for model 
21 is presented in table II. The sample calculations in 
table It illustrate the use of the equations presented in this 
report and give the pertinent constants and column headings 
in a convenient form for general application to design. Tho 
data from which these estimations were made and tho final 
computed power-on characteristics are presented in figures 
11 and 12. Model 21 was chosen as an example because, 
although the individual component effects of power were not 
small, the design variables were such that tho adverse 
effects were counteracted by the favorable effects and thus a 
very small over-all change in stability with power resulted. 
Calculations for models 13 and 15 were also made to show 
that the change of power effects attributable to raising the 
horizontal tail and increasing its area can be accurately pre- 
dicted. The basic data and estimations of power effects for 
these models are presented in figures 11, 13, and 14. 

The computed results for all three models show' very good 
agreement with the test results. 

DISCUSSION 

The range of the most pertinent geometric variables for 
the models used in this report are presented in table III. 
The correlation curves of figures 6, 9, and 10 are believed to 
be valid at least between the limits given in table III. No 
data on powered models with appreciable wing sweep were 
available; consequently, tho effect of sweep could not be 
included in the correlating parameters. 

Wind-tunnel data on personal-typo airplanes were not 
available for use in the correlations, and the applicability of 
the curves in figures 9 and 10 to this typo of design is de- 
pendent on a number of factors. Although the models used 
in tho present correlation represent highly powered fighter- 
type airplanes, the correlation curves wero found to be valid 
for medium power conditions on the fighter-typo airplane 
models also. An estimate of tho variation of T e with Cj, for 
several typical single-engine personal-type airplanes showed 
that the thrust coefficients for maximum rated power for 
these airplanes fell in the range of thrust coefficients for the 
medium power conditions on the fighter-typo airplanes. 

The range of wing vertical positions relative to the slip- 
stream and the ratio of tho slipstream diameter to tho wing 
span might be expected to be considerably different for mili- 
tary and personal-type airplanes, and these differences could 
have a significant bearing on the magnitude of the pow'er 
effects. 




Angle of attach, d, deg Pitching-moment coefficient , C„ 
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Lift coefficient, C L 

(a) ’Wind-tunnel data with propeller wlndmlllrng. 


Lift coefficient , C L 

Cb) Comparison of computed and experimental data for constant power condition. 


Figcbx 13.— Longitudinal characteristics of model 13. 
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(e) Comparison of computed and experimental effects of power on the neutral point and tall- 
off aerodynamic-center location. 

Flgnro 13.— Concluded. 


All models presented herein have a wing location that 
placed the wing well within the slipstream. The increment 
of wing lift due to the slipstream derived from the data of 
reference 14 does not vary appreciably with wing height for 
wing positions 0.3 propeller diameter above and below the 
tlirust line when the propeller is more than 0.3 root chord 
ahead of the wing leading edge. The range of wing vertical 
positions for the models presented herein is 0.165 and 0.176 
propeller diameter above and below the thrust line, respec- 
tively, and the propellers are more than 0.3 root chord ahead 
of the wing leading edge; thus the range falls within the 
limits of wing and propeller locations where computed 
values of A C La would be expected to be valid. 

Generally, the diameter of the propeller relative to the 
wing span is smaller for personal-type airplanes than for 
fighter-typo airplanes. Model 24 has a relative propeller 
diameter approximately the same as for the personal-type 
airplanes considered, but the other models used in the 
correlations had larger relative propeller diameters. No 
definite conclusions can be made regarding the effect of 
relative propeller size because of insufficient data. In most 
instances, the methods outlined in the present report should 
be satisfactory for computing the first-order effects of 
propeller operation on personal-type single-engine tractor 
airplanes. 

OPTIMUM DESIGN CONSIDERATIONS 

The design configuration usually considered optimum 
when satisfactory handling qualities of airplanes are con- 


sidered is that which exhibits no change in longitudinal 
stability characteristics upon the application of power. 
Many design parameters affect the longitudinal stability 
both adversely and favorably, and defining a definite 
method by which to design an airplane with no power 
effects is difficult. Often considerations other than aerody- 
namic determine the final geometry of a design. In view 
of this fact and the rapidity with which the power effects 
of a specific configuration can be computed by the method 
of the present report, each proposed design should ho exam- 
ined for power effects, and an optimum configuration 
(minimum power effects) should be attained by a process of 
rational modification to the original design. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., July 13, 1948. 
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FlGCSK 14. Longitndinal characteristics of model 15. 
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o B aerodynamic-center location. 
Fiocre 14— Concluded. 


TABLE I. — GEOMETRIC CHARACTERISTICS OF MODEL CONFIGURATIONS USED IN CORRELATIONS 


Model 

Wing area. 


Mean aero- 
dynamla 
chord, 

(ft) 

Wing root 
ohord, <v 

m 

Wing break 
chord, Ck 

(w 

Wing tip 

NACA airfoil sections 

Wing 

Wing tajier 
ratio, X 

8„ m ft) 

(ft)’ 

Wing root 

Wing break 

Wing tip 

ratio, A 

1 

0.40 

7.61 

1.310 

1.683 


0.842 

00,2-210 


06,2-210 

6.00 

a 600 

2 

9.40 

7.51 

1.310 

1.083 


.842 

00,2-210 



G0, 2-210 

A00 

.500 

3 

0.40 

7.51 

1.310 

L683 


.842 

00, 2-ZI0 


66.2-216 

000 

.500 

4 

8.40 

7.51 

1.310 

1.683 


.842 

00,2-210 


06,2-216 

6.00 

.600 

5 

840 

7.61 

1.310 

1.683 



.842 

66,2-216 


00,2-210 

6.00 

.600 

6 

840 

7.61 

1.810 

1.683 


.842 

66,2-216 


06,2-216 

600 

.500 

7 

840 

7.61 

1.310 

1.683 


.842 

06,2-316 


06,2-216 

6.00 

.600 

8 

0.40 

7.61 

1.310 

1.683 


.842 

00,2-210 


06.2-216 

6.00 

.500 

9 

0.40 

7.61 

1.310 

1.683 


.842 

66,2-216 


GO, 2-210 

6.00 

.600 

10 

8 40 

7.61 

1.310 

1.683 


.842 

60,2-210 


60.3-210 

6.00 

.500 

11 

0.28 

7.14 

1.362 

1.750 


.875 

23016.6 


23009 

5.50 

.600 

12 

10. 19 

7.50 

1.428 

1.638 

1.638 

.819 

66(3181-118,5 
2 MB. 7 


G6,2-21G 

5.52 

.41 

13 

6.34 

6.25 

1.021 

1.693 

1.021 

.494 

23016 

23006 

0.10 

.32 

14 

834 

8 26 

1.021 

1 693 

1.021 

.494 

23014.7 

23016 

23006 

0.15 

.32 

15 

6.34 

826 

1.021 

1.693 

1.021 

.494 

23014.7 

23016 

23006 

6.10 

.32 

16 

834 

826 

« 

1.093 

1.021 

.494 

23014.7 

23016 

230(*Hagp ro x.) 

6.15 

.32 

17 

6.34 

0.25 

1.021 

1.021 

1.021 

L 021 

23010 

23016 

0.10 

I. 000 

18 

7.26 

8 26 

(*) 

1.693 

1.021 

1.021 

2301 A 7 

23016 

23009 

5.38 

.77 

19 

6.18 

6.901 

.969 

1.431 

1.042 

.378 

66,2-118 

66(2x16)-! 17. 65 

60(2xi5)-118 

6.80 

.275 

20 

9. 76 

7.10 

1.480 

1.931 


.868 

23016.5 

(modified) 

2416 

23009 

A 17 

.445 

21 

8 56 

7.30 

L 220 

1.375 

1.376 

.688 

2416 

4412 

6.23 

.41 

22 

844 

7.458 

1.360 

1.800 


.800 

2215 


2309 

5.01 

.445 

28 

9.44 

7.458 

1.360 

L800 


.800 

2215 


2209 

A 91 

.445 

24 

8.57 

7.60 

L 198 

1.542 


.771 

23018 


23012 

0.50 

.600 

‘24a 

8.67 

7.50 

1.198 

1.642 


.771 

(modified) 

23018 


(modified) 

23012 

A56 

.600 

26 

13.18 

8438 

1.827 

2.094 


L047 

(modified) 

6-series 


(modi fled) 
0-serfes 

5.40 

.600 

26 

33.18 

8 438 

L 627 

2.094 


1.047 ' 

6-series 


6-scriee 

5.40 

.600 

27 

18.70 

8.99 

1.806 

2.094 


.977 


— 



A87 

.469 


* Pitching-moment coefficients based on same c. and model pivot location as for models 13, 14, IS, and 17. 

• Model 24a is the same as model 24 except that tbe thrust line Is tilted 3° down about a point 4.0 Inches ait of propeller disk. 
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TABLE I— GEOMETRIC CHARACTERISTICS OF MODEL CONFIGURATIONS USED IN CORRELATIONS— Concluded 


Model 

Center of 
gravity to 
propeller 
center line, If 
(ft) 

Center of 
gravity to 
elevator 
hinge line, It 
(ft) 

Center of 
gravity to 
thrust line, z 
(ft) 

Center of 
gravity 
location 
(percent c.) 

Propeller 
diameter, D 
(It) 


Propeller side- 
force factor, 
S.F.F. 

Horizontal 
tail area. St 
(91ft) 

Horizontal 
taflsjjtan, bt 

Tail height 
above thrust 
line, it 

(f i) 

1 

1.627 

2.629 

-a 095 

28.2 

1270 

3 

98.2 

1.438 

1723 

0.433 

2 

L 527 

2.687 

—.095 

28.2 

2.270 

3 

96.2 

1150 

5-333 

.433 

3 

L 627 

2.743 

—.095 

28. 2 

2.270 

3 

98.2 

1968 

3.930 

.433 

4 

1.627 

3. 573 

-.095 

28.2 

1270 

3 

96.2 

1.436 

1723 

.433 

6 

L527 

3. 631 

-.095 

28.2 

1270 

3 

96.2 

1150 

3.333 

.433 

6 

1.627 

3.687 

-.095 

28.2 

1270 

3 

96.2 


3.030 

.433 

7 

L 627 

&249 

-.095 

28.2 

1270 

3 

96.2 

L436 

1723 

.433 

8 


II 307 

-.095 

28.2 

1270 

3 

98.2 

1150 

3.333 

.433 

9 

L 627 

5.362 

-.095 

28.2 

1270 

3 

96.2 

2.988 

3.930 

.433 

10 


3.631 

-.095 

28.2 

1270 

3 

98.2 

1-826 

2.938 

.433 

II 

1.454 

3.608 


27.3 

1175 

3 

70.3 

116 

3. 083 

-.092 

12 

1.454 

3.606 

-.130 

2S.8 

1175 

3 

70.3 

1 15 

3.083 

-092 

13 

L317 

2.993 

-.035 

22.0 

L817 

6 

813 


1229 

.250 

14 

L317 

3.993 

-.035 

210 

L817 

6 

813 

1.455 

1839 

.250 

15 

1.317 

2.993 

-.035 

22.0 

L817 

6 

813 

1.455 

1839 

.750 

16 

1.317 

2.993 

-.035 

(*) 

L&17 

6 

813 

L 240 

1229 

.250 

17 

1.317 

1993 

-.035 

210 

1.817 

6 

813 

1.240 

1229 

.250 

18 

1. 317 

2.093 

-.035 

(«) 

1.817 

6 

813 

L240 

1229 

.250 

10 

1. 132 

2.522 

-.094 

26.7 

L 555 

6 

8L6 

L061 

L923 

.185 

20 

1.41 

3.443 

-.053 

24.64 

1517 

3 

9L7 

106 

3.141 

0 

21 

1.820 

3.300 


25.6 

1035 

4 

65.8 

1.80 

1776 

.825 

22 

1. 37 

3.720 

-.058 

26.7 

1000 

3 

75.8 

1.92 

1560 

.719 

23 

1.37 

3.720 

-.056 

26.7 

1000 

3 

75.8 

1.92 

2.560 

.719 

24 

1.756 

2.983 

.072 

25.0 

L 625 

4 

150.3 

114 

3.021 

.344 

‘24a 

L 756 

2.963 

.003 

25.0 

1.625 

4 

160.3 

114 

3.021 

.115 

23 

2.161 

4.20 

.015 

25.0 

1621 

4 


182 

3.833 

.3*5 

28 

2.213 

4.20 

.015 

25.0 

1375 

4 


1S2 

3.333 

.355 

27 

2.3 

4.27 

.005 

27.4 

1375 

4 

— 

8.042 

3.722 

.328 


* Pitching-moment coefficients based on same e. and model pivot location as for models 13, 14, IB, and 17. 

* Model 24a is the same as model 24 except that the thrnst line is tilted 3° dovrn about a point 4.0 Inches aft of propeller dish. 


TABLE II.— COMPUTATION OF POWER-ON PITCHING-MOMENT AND LIFT COEFFICIENTS FOR MODEL 21 



f^-0.390 

*Cr- #t -0JS5 

c...— 9-045 

6^-1332 rt 

F - 0.494 

2D* 

k- 0 - 969 

^ 0.084 

Cm 

ip— 1.323 

Cm 

5.- 1.220 rt 


Df. 

D 

T..— 0.0103 

/•— 0.988 

*<f. 

C=-0-16 

c. f =L375 ft 

X-0 41 

1705 

Cm 



* Propeller of model 21 has blade plan form similar to the Hamilton Standard KLES-4S propeller and fig. 3(a) and 4(a) areused in determining Cr'f . Fora four-blade single-rotation 
propeller, ffi.ni - 18°, SJT.F.-S0.7; Cj<^ —0.181 (fig. 3(a)). Since S.FJP.— 63.8 for model SI, fig. 4 (a) is used to correct Cy’+ . It at lo of SJT.F.of desired propeller (65.8) to Hamilton 
Standard propeller is 0.838 (fig. 4 (a)). For desired propeller, £7r' #j “(0d6I) (0838)— 0J35. 

* Obtained from fig. 6 for propeller located ldfcr ahead of (t/4 and wing aspect ratio A -683. 

* a.— ar+0-0541 (angles in radians). 

92477S— 51 28 
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TABLE II.— COMPUTATION OF POWER-ON PITCHING-MOMENT AND LIFT COEFFICIENTS FOR MODEL 21— Concluded 


@ 

® 



□ 

® 

« 

® 

@ 

® 

® 

■ 

® 


B 

® 

9 

• 

a 

D 

Kftu 

A Owt 9 



B 

(A r,yF 

At 

if. 

a-). 

(0*0. 

C c '-.), 

El 

( C Me 

a. 

(C*-.). 

(C-O, 

m 


a. 

w 




■m 














0.0809 

-a 0013 

-a 067 

-a 0028 

1.2 

HU 

BH 

L 0558 

-a 0292 


0.0918 

■fill 


0.1895 

-0 0958 

-0.0080 

-0. 1006 

0.0362 

00536 

.0889 

-.0028 

042 

-. 0610 

1.9 

■rm 

.27 

1.1038 

-.0228 


.0544 



.3065 

-.1328 

-.1398 

-.1917 

.0517 

.4383 

.0909 

-.0029 

-.029 

-.0435 

2.7 


.67 

1.1626 

-.0287 


.0282 

-.0173 

HHoI'/J 

.6455 

-. 1661 

1741 

-. 2176 

.0041 

. 6196 

.1049 

-.0030 

-.012 

-.0311 

3.4 


.94 

1.2329 

-.0282 


-.0031 


.0011 

.7387 

1990 

-.2120 

2437 

. 0788 

BfU'vB 

.me 

—.0025 

.004 

—.0102 

4.2 

. 5082 

L43 

L3078 

-.0283 


—.0301 

-.0493 

.0111 

.9311 

-. 2310 

-.2492 

— . 2084 

.0921 

IwitHM 

.1300 

-.0010 

.022 

-.0040 

4.9 

.8939 

2.02 

L 3940 

-.0280 


-.0678 


KUO 

1. 1377 

-.2035 

-,2885 

-.2934 

. 10G7 

K • ■■ 

.1279 

—.0014 

.040 

.0102 

6.4 

1.2148 

2.61 

L4857 

-.0272 


-.0922 

-.0820 

Bea 

1.3574 

-.2950 

-.3329 

-.3227 

.1231 

1.4464 


§ 

A 





1 1 

i 

w 





i 







1 





sh 

■8 

i 









i 

± 

1 





1 

|-H 

8 


S 





§ 




b 

l 

a 

<s> 

A 

Jl« 

I 



ft. 


H 

l 

h 

X 

® 

X 

® 

1 

£ 


£ 

i 

H 

W 1 

® 

I 

1 

£ 

i 

s 


c 

l 

ta 

o 

H 

I 

1 

r 

i 

o 

X 

® 

X 

® 

S 

a> 

bo 

£ 

I 

»-4 

I 

19 

p. 

® 

X 

® 

® 

5 

®!4 

i 

i 

?^r 

|1 

P* 


I 

1 1 

®ls 

1 

I 


/ dACm \ 

i Obtained by subtracting I ic 1 

[(ft) -H(ft) J 


tcindonTWag 

- 0 . 0161 . 


as found by formula (6) of reference 1 from tail-off propcHer-windmflling pitching-moment slope; 


vindmiUing 


TABLE III— RANGE OF GEOMETRIC'CHARACTERISTICS 
OF MODELS INCLUDED IN CORRELATION 


Geometric parameter 

Range 

From 

To 

Wing aspect ratio 

6.17 (model 20) 

0.86 (model 10) 

Wing taper ratio 

0.275 (model 10) 

1.00 (model 17) 

Propeller diameter 
\V tng span 

0.217 (model 24) 

0.354 (model 20) 

Height of tail above thrust Hue 
Propeller diameter 

-0.042 (model 11) 

0.413 (model 15) 

Tad span 
Wing span 

0.322 (model 19) 

0.623 (model 3) 

Tail length 

Mean aerodynamic chord 

2.008 (model 1) 

4.090 (model 0) 

Height of thrust line above wing root chord 
Propeller diameter 

-a 176 (model 23) 

0.106 (model 29 

Distance of propeller ahead of wing root chord 
Hoot chord 

0.490 (model 13) 

0.906 (model 21) 




































